Objectives To determine if risk of multiple sclerosis (MS) is associated with month of birth in countries in the northern hemisphere and if factors related to month of birth interact with genetic risk. Design Population based study with population and family based controls and a retrospective cohort identified from death certificates. A post hoc pooled analysis was carried out for large northern datasets including Sweden and Denmark. Setting 19 MS clinics in major cities across Canada (Canadian collaborative project on the genetic susceptibility to multiple sclerosis); incident cases of MS from a population based study in the Lothian and Border regions of Scotland; and death records from the UK Registrar General. Populations 17 874 Canadian patients and 11 502 British patients with multiple sclerosis. Main outcome measure Diagnosis of multiple sclerosis. Results In Canada (n = 17 874) significantly fewer patients with MS were born in November compared with controls from the population census and unaffected siblings. These observations were confirmed in a dataset of British patients (n = 11 502), in which there was also an increase in the number of births in May. A pooled analysis of datasets from Canada, Great Britain, Denmark, and Sweden (n = 42 045) showed that significantly fewer (8.5%) people with MS were born in November and significantly more (9.1%) were born in May. For recent incident data, the effect of month of birth was most evident in Scotland, where MS prevalence is the highest. Conclusions Month of birth and risk of MS are associated, more so in familial cases, implying interactions between genes and environment that are related to climate. Such interactions may act during gestation or shortly after birth in individuals born in the northern countries studied.
Introduction
Classic studies of twins, adoptees, half siblings, and families [1] [2] [3] [4] have led to a widely accepted notion that multiple sclerosis (MS) is a complex trait in which susceptibility is determined by the interplay of genes and environmental factors. Environment seems to influence risk at a population level, but specific details remain unclear. The most striking clue to the role of environment has always been the gradient with latitude, which is most obvious in Australia, where the risk in temperate Tasmania is fivefold that in subtropical Queensland 5 6 but where ethnic origins are relatively uniform. The gradient is also seen in several other countries, including New Zealand 7 and the United States. 8 The role of environment is seen in twin studies, which report a 70-90% discordance in identical twins. 1 Studies of migrants indicate that risk for MS is strongly associated with place of residence early in life, 6 9 but it is not easy to retrospectively study gestational, perinatal, and childhood periods in adult onset diseases. In Canada, the risk for a dizygotic twin of someone with MS is almost twice that for a full non-twin sibling. 1 This may implicate environmental factor(s) such as shared timing of gestation or birth, or both. Furthermore, the study of half siblings has shown a maternal effect that could be environmental in nature. 5 Studies of month of birth and risk of MS have been carried out in several cohorts of people with MS, but sample sizes, ethnic groups, and statistical methods differed for each study and findings have been inconsistent. [10] [11] [12] [13] [14] Although significant differences in month of birth compared with population based controls have been reported, they have not been for the same months.
Methods
Data on month of birth along with detailed information on demographics and clinical and family history were collected as part of the population based longitudinal Canadian collaborative project on genetic susceptibility to multiple sclerosis, 15 in 17 874 patients with MS. The first control group comprised all the recorded births in Canada from 1926 to 1970 (Statistics Canada). The months of birth in this group were used to calculate the expected numbers of births per month among patients with MS. A second control group comprised unaffected siblings of people with MS.
As Scandinavian studies have shown an increase of MS in people born in spring, we hypothesised a similar increase, but we analysed each month separately. We compared the births in a single month with the other 11 months for cases and controls (population or siblings) using a 2×2 2 test. For months for which we found no previous evidence of association, we corrected the P value for the 12 comparisons using Bonferroni correction.
For the matched affected-unaffected sibling group, we also applied McNemar's test. This test compares the number of pairs discordant for birth in a particular month by comparing the number of pairs where only the affected individual was born in that month and the unaffected individual was not (N a ) with the number of pairs in which the unaffected individual was born in that month and the affected individual was not (N u ). Under the null hypothesis of no association with disease, the statistic (N a -N u ) 2 /(N a +N u ) follows a 2 distribution with 1df. We obtained datasets of patients from England, Wales (n = 8702), and Scotland (n = 2356) from death certificates that
Results
We compared the numbers of individuals with MS born in each month versus the other 11 months with population based controls. In the Canadian dataset (n = 17 874), 8.5% fewer people with MS were born in November; this was significant even after we corrected for the 12 monthly comparisons (1257 observed v 1373 expected, 2 = 10.67, P = 0.0011 or P = 0.013 with Bonferroni correction) (table 1). The peak birth month for people with MS was offset six months, in May, though this was not significant (P = 0.15). We found no difference within Canadian patients by sex, site of ascertainment, or decade of birth. Population control results, weighted to match patients with MS for year of birth, were similar to non-weighted controls (not shown). Among 67 Canadian patients with MS born in the southern hemisphere, eight were born in November and two in May, suggesting a reversal of the pattern in northern countries.
When we compared the dataset of British patients with MS, ascertained through death certificates and from incident cases (n = 11 502), with controls obtained via similar methods we found significantly fewer people with MS had been born in November (10.0%, 2 = 6.80, uncorrected P = 0.009) and significantly more had been born in May (16.3%, 2 = 18.02, uncorrected P < 0.0001, corrected P = 0.0003) (table 2). The number born in December was also significantly lower ( 2 = 4.8, P = 0.028), but this was not significant when we corrected for multiple comparisons. We combined the data for the 8702 cases from England and Wales according to death certificates, the 2356 cases from Scotland according to death certificates, and the 444 Scottish incident cases because each group had appropriately matched controls, all patients were from the same geographic region, and the confidence intervals of the odds ratios for May and November in each group substantially overlapped (odds ratio 1.30, 95% confidence interval 1.17 to 1.44, for cases from England and Wales; 1.17, 0.94 to 1.47, for Scottish death certificate cases; and 1.89, 1.09 to 3.28, for Scottish incident cases).
We added Danish 10 (n = 6276) and Swedish 11 (n = 6393) samples to our Canadian (n = 17 874) and British samples (n = 11 502; total n = 42 045). In this combined sample significantly more people with MS were born in May (9.1%) and significantly fewer were born in November (8.5%) (uncorrected and corrected P values for May and November were all < 0.0001) (fig 1, table 3 ). This represents a 19% (odds ratio 1.19, 95% confidence interval 1.14 to 1.25) decreased risk of MS for those born in November compared with those born in May.
In the Canadian dataset, we used a second control group of matched unaffected siblings. We had complete data on 9248 unaffected siblings from 7450 patients with MS. Index cases were matched with one non-twin sibling, which resulted in a dataset of 4232 affected-unaffected sibling pairs. We observed a slight correlation in the month of birth for closely spaced siblings, but not among more distantly spaced offspring (data not shown). To account for this effect, when there was more than one unaffected sibling we selected the one furthest in age from the index case. This group showed no significant correlation for month of birth in sibling pairs (P = 0.30). We compared affected siblings with their matched unaffected siblings using McNemar's test for November birth and observed 273 pairs in which the affected member of the pair was born in November and 343 where the unaffected sibling was born in November. The result was significant for difference in November births (P = 0.0048). Selection of the unaffected sibling closest in age also yielded a significant difference (P = 0.0018). We tested whether the environmental component related to month of birth might contribute to familial risk, perhaps by interacting with susceptibility genes predictably enriched in families with multiple cases of MS. 15 Among affected people with a family history of MS we found 16.2% fewer were born in November relative to population controls compared with 3.0% fewer among those with no family history of MS ( 2 = 3.92, P = 0.050). We found no difference when we divided affected individuals into fourths according to age of onset (data not shown).
We also compared the odds ratio for increased risk of MS for people born in May compared with November. We used incident cases only to allow consistency among the countries examined. The highest odds ratio for May/November risk was in Scotland (1.89, 1.09 to 3.28), followed by Denmark ( 
Discussion
Among Canadian patients with MS 8.5% fewer than expected were born in November compared with other months and slightly but not significantly more were born in May. This finding was replicated in British patients with MS, where the numbers born in both months were significantly different from controls. A pooled analysis including results from previously published Danish 10 and Swedish 11 studies confirmed the May peak and November nadir. This overall dataset of patients with MS born in the northern hemisphere showed a 13% increase in risk of MS for those born in May compared with November (95% confidence interval 5% to 22%).
We used unaffected siblings from the Canadian collaborative project 15 as a second control group, eliminating potential confounding by ethnic differences in seasonal birth patterns or by survival being influenced by month of birth. The unaffected sibling controls confirmed and extended the findings as they also differed from population controls in a direction opposite to that of their affected siblings. This may be viewed as internal confirmation of the effect of month of birth on risk.
The results were derived from more than 42 000 patients with MS from northern countries, where MS has a high prevalence. Canada, Denmark, 10 Great Britain, and Sweden
11
each have large databases and distinct seasons, and nearly all cases of MS in Canada are identified. 15 We have conclusively shown the association between month of birth and risk of MS in northern countries. The sample size, internal replications, and selection of appropriate controls indicate that this is unlikely to be an artefact. Our pooled data show that being born in May is associated with increased risk, and the Canadian and British datasets clearly show that people born in November have the lowest risk. Correlation of specific years of increased risk related to season with features such as ultraviolet radiation, temperature, or weather patterns may help to elucidate this effect further.
Month of birth and risk of MS has been examined in other populations. The Danish study found that more people with MS had been born in March, April, May, and June, and a Swedish study showed an association with March, May, and July.
11 When these data were combined, more people with MS had been born in the five consecutive months from March to July, 2 although the Swedish study did not directly confirm the Danish findings. Smaller studies in cohorts from Sicily, 13 the Netherlands, Japan, and Hungary 14 were not consistent, but a study from Vancouver showed the same degree of effect in a smaller sample size. 12 Relatively small sample sizes may not have sufficient power to disentangle meaningful seasonal influences. [14] [15] [16] [17] None of these studies can be considered as definitive.
Although the birth month results in MS now seem clear, the interpretation is not. May and November show significance in the pooled analysis and the peaks of altered risk are exactly six months apart. Although the reduced risk for November seems to exist also for December births in some datasets, the changes in risk are remarkably discrete. The abrupt change in risk by month suggests a threshold effect for both increased and decreased risk, something that is not easily explained. These observed changes may partly explain the increased risk of MS in second generation Asian and Caribbean migrants to the United Kingdom-that is, moving to the United Kingdom does not changes their genes but something in the climate may do so. 18 
Possible explanations of association
The risk factor(s) responsible for the effect of timing of birth must vary seasonally and probably interacts with development of the central nervous system or immune systems, or both. Among candidate factors are maternal folate, 19 correlates of infant birth weight and virus infection, and factors also implicated in the effect of season of birth on schizophrenia. 17 Undoubtedly other cyclic interactions remain to be identified.
Previous findings of associations between higher latitudes and risk of MS (Sardinians and Sami being notable exceptions) have suggested that exposure to the sun may account for the geographical variation of MS. 20 Most biologically active vitamin D is generated in the skin with exposure to ultraviolet radiation 21 and an increased risk of MS related to month of birth could reflect well documented seasonal deficiency in maternal concentrations of vitamin D. 22 Vitamin D treatment reduces severity of symptoms and progression in experimental autoimmune encephalomyelitis (EAE), which is a mouse model of MS. 23 Furthermore, exposure to sun during childhood is associated with a reduced risk of multiple sclerosis, 24 and this may also extend to timing of birth. If the excess of MS in those born in May is related to maternal vitamin D deficiency, studies on blood concentrations suggest that the end of the second or the third trimester are the crucial time points. 22 Vitamin D receptors are present in the brain, and gestational vitamin D deficiency has striking effects on brain development in experimental animals. 25 The observed May/November birth ratio in living incident cases from Scotland (1.89), Denmark (1.22), 10 Sweden (1.18), 11 and Canada (1.13) decreases in order of population prevalence (fig 2) . This suggests that the seasonal birth effect may be connected with environmental factors determining prevalence rates. These are powerful, seem to act at a broad population level, [1] [2] [3] and may hold the key to disease prevention. The "parent of origin" effect, recently reported in MS, 5 may suggest that, at least in part, environmental factors are maternally mediated and influence development in the nervous or immune system, or both. Contributors: GCE (guarantor) conceived the Canadian national network of MS clinics and its role in this study. ADS and GCE conceived this investigation and are the principal investigators of the Canadian collaborative study. GCE and ADS supervised the data collection and research. CJW and DAD did the primary analyses for the Canadian dataset, and PMR conceived the study and completed analyses of the UK dataset. CJW wrote the first draft, with subsequent revision from all authors. TJM provided a helpful suggestion for future research. 
What is already known on this topic
Susceptibility to multiple sclerosis (MS) is influenced by genetic and environmental factors An association with latitude in early life has been shown in migrants from regions of differing risk A maternal parent of origin effect shown in half siblings with MS from Canada suggested that environment acts in gestation or the neonatal period to determine risk for this adult onset disease
What this study adds
In northern countries the risk of MS is greater for people born in May and lower for those born in November This effect is greater in Scotland, where the population prevalence of this disease is highest These findings support suggestions from studies in twins and half siblings that the gestational or neonatal environment, or both, influence the risk of MS later in life studentships from the MS Society of Canada, during the time this study was mainly completed. ADS is a Michael Smith Distinguished Scholar. Competing interests: None declared. Ethical approval: The study was approved by the University of Western Ontario and the University of British Columbia, which were the two main sites of data collection. Each Canadian MS clinic obtained ethical approval from their local review board.
